Introduction: Studies that report outcomes after staged bilateral shoulder arthroplasty (BSA) are limited. This study compared the overall improvement between the first and second operated shoulders after BSA. Methods: Preoperative and postoperative motion and patient-reported outcomes for function, pain, and general health were assessed for patients who underwent BSA with a 2-year follow-up. Ultimate outcomes and the efficacy of treatment were compared between the first and second operated shoulders. Results: Seventy-three patients met the inclusion criteria (mean follow-up, 51.4 months). There were no notable differences between the first and second operated shoulders for all preoperative and postoperative variables except for the preoperative 12-item Short-Form Physical Component Score, which was greater in the second shoulder (P = 0.005). The efficacy of treatment was not markedly different except for the Physical Component Score (P = 0.001) and forward elevation (P = 0.01), which were greater after the first surgery. Discussion: Improvements in function, pain, and motion were not markedly different between the first and second shoulder arthroplasty surgeries.
U nilateral total shoulder arthroplasty (TSA) and reverse shoulder arthroplasty (RSA) have been shown to produce favorable outcomes in the management of a variety of shoulder pathologies. 1, 2 However, conditions such as osteoarthritis, rheumatoid arthritis, and rotator cuff arthropathy occasionally have bilateral involvement that may necessitate the use of staged bilateral shoulder arthroplasty (BSA) to alleviate pain and improve shoulder function.
There have been some concerns among surgeons regarding patients' ability to perform activities of daily living after BSA because of a potential loss of rotational movement, especially in procedures that involve RSA. 3 Furthermore, patients may have questions regarding their recovery and functional outcomes as they pertain to their second surgery versus their first. Outcomes after staged knee arthroplasty have been extensively studied, and differences have been shown between the first and second operated knees. [4] [5] [6] There have been a number of previous studies that evaluated overall outcomes in BSA, [7] [8] [9] but little is known regarding differences between the first and second operated shoulders. The purpose of this study was to compare the efficacy and overall improvement in function, pain, general health, motion, and satisfaction between the first and second operated shoulders in patients with BSA. We hypothesized that patients would demonstrate greater improvement after their second shoulder surgery.
Methods
A retrospective analysis of data collected from a Western Institutional Review Board (WIRB)-approved Levy Elbow and Shoulder Surgical Repository (WIRB Study #1138999, WIRB Protocol #20130731). An institutional review board exemption was determined (Protocol No. BILATS1) before the initiation of this research. The inclusion criterion was patients who underwent any combination of BSA with anatomic TSA or RSA (TSA/TSA, RSA/RSA, or TSA/RSA) and had at least 2-year follow-up for each shoulder. The exclusion criterion was patients who had unilateral shoulder arthroplasty, BSA with any combination that included hemiarthroplasty, or ,2-year follow-up. ) collected preoperatively and at the most recent follow-up appointment were analyzed for each shoulder. Patient satisfaction was rated as "unsatisfactory," "satisfactory," "good," or "excellent" based on the patient's perceived satisfaction with the surgery. Range of motion (ROM) assessments (active forward elevation [FE] , active external rotation, and active internal rotation) were performed via best-effort goniometer measurements. For analytical purposes, internal rotation was quantified using a 10-point scale derived from the Apley scratch test. Patients were assigned 10 points for reaching T1-7, eight points for reaching T8-12, six points for reaching L1-3, four points for reaching L4-sacrum, and two points for reaching the buttock/ greater trochanter. Comparisons of the first and second surgeries were made based on the preoperative evaluation, most recent postoperative evaluation, and overall efficacy of treatment (change from preoperative evaluation to most recent postoperative evaluation).
All patients who underwent anatomic TSA were treated with either the DJO Turon TSA (DJO Surgical) or Encore Foundation TSA (DJO Surgical). Patients who underwent RSA were treated using the DJO Reverse Shoulder Prosthesis (DJO Surgical). An identical postoperative rehabilitation protocol was implemented for all patients.
Descriptive statistics including mean values and SDs were computed for all variables. Categoric data were analyzed using chi-square tests, and continuous data were evaluated using Student ttests to compare patients' first and second shoulder surgeries. Data were analyzed using SPSS version 23 (IBM). All tests were two tailed, and P , 0.05 was considered statistically significant.
Results
Of the 90 patients who were treated with BSA between 2007 and 2014, a total of 73 met the inclusion criteria, with a minimum 2-year follow-up. The overall mean follow-up was 51.4 months (range, 24 to 118 months). The mean follow-up was 60.8 months for the first shoulder and 42.6 months for the second shoulder. The mean age at final follow-up was 76.8 years (range, 57.4 to 90.4 years). The average time between the first and second surgeries was 21.1 months (range, 2.1 to 64.7 months).
There were 47 patients (64.4%) treated with bilateral TSA (TSA/ TSA) (mean follow-up, 50.9 months; range, 24 to 102.2 months), 17 patients (23.3%) treated with bilateral RSA (RSA/RSA) (mean follow-up, 51.5 months; range, 24.2 to 117.6 months), and 9 patients treated with a combination of TSA and RSA (TSA/ RSA) (mean follow-up, 54.0 months; range, 24.1 to 98.8 months).
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First Versus Second Shoulder Arthroplasty between the initial shoulder and the contralateral shoulder (P = 0.856). In addition, the percentage of surgeries performed on the dominant shoulder did not differ markedly between the first and second shoulders (P = 0.406) ( Table 1) .
Preoperatively, there were no notable differences in the baseline measured motion or PROMs between the first and second operated shoulders except for PCS, which was greater in the second operated shoulder (P = 0.005) ( Table 2) .
Postoperatively, there were no notable differences between the first and second shoulders for measured motion and all PROMs related to pain and function. More than 90% of patients reported "good" or "excellent" satisfaction with their surgery in both groups ( Table 3) .
The effectiveness of treatment (difference between preoperative and postoperative outcomes) was no different between the first and second shoulder arthroplasties for nearly all variables ( Table 4 ). The only variables found to have a notable difference in efficacy were SF-12 PCS (P = 0.001) and FE (P = 0.010).
Discussion
Previous studies that involve patients who require bilateral knee arthroplasty have placed an emphasis on whether procedures should be performed simultaneously or staged. 10, 11 Several studies have reported mixed results when comparing the first and second knee arthroplasties. Gabr et al 4 showed a shorter length of stay along with improved walking aid requirement and psychological wellbeing (SF-12) in the second knee. Kim et al 5 reported greater VAS pain and analgesic requirement in the second knee, whereas Sun et al 6 showed that VAS pain was initially greater in the second knee, but that no difference existed in pain at 72 hours after surgery.
Although bilateral knee arthroplasty has been extensively studied, only recently has there been an emphasis on the literature regarding BSA. Several studies have shown favorable outcomes for pain and function after staged bilateral TSA and RSA. [7] [8] [9] However, little is known about the outcomes after the second operated shoulder compared with the first. Similar to patients who undergo bilateral knee arthroplasty, concerns exist regarding a patient's ability to recover similarly from the second shoulder arthroplasty. Results from the present study showed nearly equivalent outcomes for the first and second arthroplasties for pain, function, and motion; thus, our original hypothesis was refuted. This was true for the ultimate postoperative outcome and improvement from preoperative to postoperative status (efficacy). The only variable that demonstrated a difference was the PCS (SF-12 PCS), which was greater after the first shoulder arthroplasty. The greater improvement in SF-12 PCS seen after the first shoulder surgery was likely due to the markedly lower preoperative SF-12 PCS scores observed before the first shoulder surgery. It can be surmised that the preoperative SF-12 PCS would be markedly greater in the second shoulder surgery as positive results from the first shoulder surgery likely increased each patient's sense of Table 3 Comparison of Postoperative Outcomes Between the First and Second Operated Shoulders
Postoperative Variables
First Shoulder (n = 73) Second Shoulder (n = 73) P Mean 6 SD or n (%) Mean 6 SD or n (%) First Versus Second Shoulder Arthroplasty physical wellness, resulting in a higher PCS.
The current study also showed that the mean ROM improved for both the first and second shoulder arthroplasties. There were no differences in overall improvement in ROM between the first and second shoulders except for FE, which improved to a greater extent in the first shoulder. Regardless, both shoulders exceeded the necessary degree of active elevation (121°6 6.7°) required to adequately perform functional tasks as described by Namdari et al. 12 Therefore, although FE in the second operated shoulder in bilateral arthroplasty may improve to a lesser degree than the first shoulder, patients can expect satisfactory recovery of functional ability. This is reflected in the equivalent postoperative PROMs between the first and second operated shoulders in the current study and the observation that .90% of patients reported "good" or "excellent" satisfaction scores.
The overall improvement in both shoulders seen in the current study is in agreement with Gruson et al 13 and Stevens et al 14 who showed improvements in pain and functional scores for both the first and second operated shoulders in patients who underwent BSA. Gruson et al 13 reported no differences in postoperative outcomes between the first and second operated shoulders. Our results also agree with those reported by Morris et al, 15 which revealed no notable difference in preoperative to postoperative improvement in functional scores or mobility between the first and second operated shoulders of patients who underwent RSA for rotator cuff arthropathy. However, Grusen et al, 13 Stevens et al, 14 and Morris et al 15 each analyzed a much smaller group of patients (26, 15, and 11 patients, respectively) compared with the current study (73 patients) and were limited to patients with bilateral TSA (Grusen et al 13 ) or bilateral RSA (Stevens et al 14 and Morris et al 15 ) .
A key strength of the current study is the large number of patients (n = 73) treated with BSA and the inclusion of various combinations of TSA and RSA (TSA/TSA, TSA/RSA, and RSA/RSA). Also, first and second shoulder groups were well matched. No notable differences in the percentages of TSA, RSA, or dominant shoulder surgeries were noted between each group; thus, any differences in outcomes due to the procedure type or shoulder dominance were accounted for. Finally, as a single surgeon series, many variables were standardized including the same implants for all TSA and RSA procedures, the same surgeon performing all surgeries, and the identical rehabilitation protocol for all patients.
There were several limitations in our study. A single surgeon performed the procedures, and outcomes were evaluated retrospectively. Although differences secondary to patients who underwent TSA versus RSA were controlled because of an even distribution of TSA and RSA procedures between the first and second operated shoulders, variability in indications for surgery within the TSA and RSA groups was not controlled. Outcomes after RSA have been shown to vary depending on the indication for surgery. 1, 16 This could have contributed to differences between the first and second operated shoulders if the various surgical indications were unevenly distributed.
In conclusion, patients who undergo staged BSA can expect similar improvements in pain, function, ROM, and overall satisfaction after the first and second surgeries.
